studies of the antisera demonstrated a marked increase in gamma-globulin production, an increase in the beta-globulin, and an increase in total protein as the result of adding VEE virus to the complete adjuvants. A decrease in the albumin fraction appeared to be caused by the complete adjuvants rather than by the VEE virus itself. The incomplete adjuvant (without mycobacteria) plus virus contributed little, if any, stimulation toward the production of gammaglobulin, nor did it appear to affect the serumalbumin levels.
The present investigation was conducted to improve the effectiveness of the immunization procedure in rabbits for the production of antiserum against Venezuelan equinr encephalomyelitis (VEE) virus. This hyperimmune serum was prepared for use in fluorescent-antibody tests.
Injection of antigen with mineral oil, with or without acid-fast bacilli, will enhance the height and persistence of antibody formation when compared with the same antigen suspended in salt solution (Freund and Bonanto, 1944; Freund, Casals, and Hosmer, 1937; Freund and McDermott, 1942) . The technique has been applied to influenza virus vaccine by Friedewald (1944a, b) in the immunization of animals, and by Henle and Henle (1945) in a vaccination study in man. In both instances, there was an enhancement of antibody formation, with persistent nodule development. It has also been shown that mineral oil adjuvants augment antibody formation when used with Brucella abortus (Live, 1949) , Shigella paradysenteriae (Halbert, Mudd, and Smolens, 1946) , rabies virus (Freund, Lipton, and Pisani, 1948) , and Rickettsia prowazekii (Fox, 1949) .
The present report concerns the effect of mineral oil adjuvants, with and without acidfast bacilli, on antibody response and gammaglobulin production in rabbits inoculated with VEE virus.
MATERIALS AND i'IETHODS
Virus. The trinidad strain of VEE virus described by Hardy (1959) was carried through two mouse-brain passages and two tissue culture passages. The virus was inoculated onto monolayers of chick fibroblasts and covered with Eagle's (1955) medium. Eagle's medium conMained all constituents except phenolsulfonphthalein and horse serum. The titer of the stock tissue culture fluid was 108.2 tissue culture plaque-forming units (TCPFU) per ml, as determined by the plaque titration procedure of Dulbecco and Vogt (1954 (ii) Neutralization in mice was accomplished as follows. The five groups of rabbit sera were titrated for neutralizing antibody in SwissWVebster albino mice, 3 to 4 weeks old, and weighing 12 to 14 g. Virus was diluted serially in tenfold steps in sterile Brain Heart Infusion (BHI) broth.
Equal amounts of viral suspensions and a suitable dilution of an immune serum were mixed and incubated in a water bath at 37 C for 2 hr. As controls, one group of mice was injected with sterile BHI and another group was injected for titration of virus in serum from normal rabbits (negative serum control). The mice were anesthetized and inoculated intracerebrally into one hemisphere. The 50% end points were calculated by the method of Reed and Muench (1938) and the serum titers were tabulated as the serum neutralization (SN) indexes for the original dilution of serum, i.e., before the addition of the virus suspension. For example, if the virus in the presence of the experimental serum had a titer of 103 6 while the same virus had a titer of 107 2 in the negative serum control, the difference would be the log of neutralization index, or 3.6. The neutralization index (SN) is equal to the antilog of 3.6 multiplied by the dilution of the sample, or 4,000 X 16 (serum dilution) = 64,000.
(iii) The complement-fixation test method employed 3 hemolytic units, 2 full units of complement, and a 1:12 dilution of antigen, equivalent to 4 units. Fixation of complement in the antigen-serum mixtures was carried out at 4 C for 18 hr. After addition of 2% sensitized sheep cells, tubes were incubated in a water bath at 37 C for 30 min. The end points were taken as the highest dilution of serum that completely fixed complement.
Chemical methods: protein estimation. The total protein content of rabbit serum was determined according to the biuret method of Gornall, Bardawill, and Daird (1949 The complement-fixation test demonstrated a similar trend. The differences in complementfixation titers were less pronounced than those determined by hemagglutination-inhibition tests but greater than those by neutralization tests.
The electrophoretic distribution of the several protein fractions produced by the five groups of sera and a negative serum control are represented in Fig. 1 .
By visual examination, groups I and II sera demonstrated a highly dense gamma-globulin fraction. Group V showed a somewhat less dense, but nevertheless intensely stained, gamma-globulin. Groups III and IV sera did not show a visibly increased gamma-globulin fraction.
The five component fractions of each of the sera were eluted and quantitated. The percentage of each fraction and its concentration, as well as the total protein content of the sera, are given in Table 2 . Due to slight variation in staining properties between the albumin and globulins with bromophenol blue, these values do not represent absolute values but are being used primarily for comparative purposes.
DISCUSSION
As evidenced by the results of the neutralization, hemagglutination-inhibition, and comple- The addition of acid-fast bacteria (Ml. butyricum or 211. tuberculosis) elicited much higher responses to the virus antigen. In particular, the hemagglutination-inhibition and the complement-fixation tests demonstrated that Ml. butyricum was considerably more effective in enhancing the antibody response than M. tuberculosis. These results are in harmony with those reported by Friedewald (1944a) , who found that killed I11. butyricum enhanced antibody production, in rabbits, to subcutaneous injection of influenza virus more effectively than tubercule bacilli. The neutralization test, however, did not demonstrate as large a difference between the two organisms.
The differences in the serum antibody levels revealed by the three serological tests are apparently due to differences in the type of antibody being measured, or to the relative quantities of serum and antigen used in each of the tests.
The serum of rabbits injected with complete Freund adjuvant without virus was examined to assure that there were no neutralizing antibodies due to an inapparent infection. Since the serum was found to be devoid of inhibitory substances, there was no need to perform further serological tests.
Paper electrophoretic studies showed that a very marked elevation in gamma-globulin content (about 20 mg/ml) was induced in rabbits inoculated intravenously with complete Freund and complete H37Ra adjuvant-virus mixtures. There was a concomitant increase in beta-globulin and total protein content, and a decrease in albumin concentration. The complete Freund adjuvant the VEE virus protein-antibody. Apparently, the decrease in albumin concentration was primarily due to the presence of the mycobacteria in the adjuvants. The inclusion of VEE virus in these adjuvants appeared to have little or no effect on this protein fraction. The sharp decrease in albumin for the complete H37Ra-virus mixture appears to be in accord with the findings of other investigators (Eichelberger and McCluskey, 1927; Seibert and Nelson, 1942) , who reported inverse albumin-globulin ratios in the sera of animals infected with tubercle bacilli.
It is interesting to note that sera from rabbits immunized with virus in Hanks' solution and in incomplete adjuvant displayed little change in the albumin, gamma-globulin, and beta-globulin fractions despite the fact that the antibody titers in these sera showed increased responses to VEE virus by serological tests. This finding is in accord with previous experiments performed in this laboratory in which guinea pigs were injected with kiiled VEE virus followed by live virus, but without adjuvants, to stimulate antibody production. A serum antibody level with an SN index of 4,200 was produced, but the electrophoretic pattern did not deviate by percentage of significantly from that of a negative serum control.
The mechanism for the increased response in rabbits inoculated intravenously with VEE virus antigen in combination with adjuvants is evidently complex. The addition of paraffin oil and a surface-active agent to an inoculum containing the VEE virus may enhance the antibody response by coating the antigen with a thin film of oil that protects it from rapid destruction and elimination from the body. This is reflected by the lower immune response to the inoculation of antigen in Hanks' solution than that obtained with the emulsion form. The addition of acidfast bacilli to the incomplete adjuvant-VEE virus mixture produces a greater antibody response to the virus. This could be the result of the sensitization of a greater number of cells that are important in antibody production. In this manner, a highly favorable reaction medium for the production of specific antibody to VEE virus is established.
